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Diarrhetic ShellfishToxins

The diarrhetic shellfish toxins (DTX) are a class of acidic polyether toxins produced by
dinoflagellates and responsible for human illness, diarrhetic shellfish poisoning (DSP), associated
with seafood consumption. This toxin class consists of at least eight congeners including the parent
compound, okadaic acid, which was first isolated from the black sponge, Halichondria fortii (70)
(Figure 9). Okadaic acid, DTX-1 and DTX-2 are the primary congeners involved in shellfish
poisoning, with the other congeners believed to be either precursors or shellfish metabolites of the
active toxins. DSP is widespread in its distribution (Figure 10), with essentially seasonal occurrences
in Europe and Japan. The first incidence of human shellfish-related illness identified as DSP
occurred in Japan in the late 1970’s, where the dinoflagellate Dinophysis fortii was identified as the
causative organism, and the toxin responsible was termed dinophysistoxin (DTX-1) (71,72).
Retrospective analysis of similar disease outbreaks in the Netherlands (73,74) and Scandanavia (75)
confirmed that these were also associated with Dinophysis. The major toxins involved in European
outbreaks are okadaic acid and DTX-1. However, incidents in Ireland and Portugal were found to
include an additonal toxin, DTX-2 (76). The first confirmed incident of DSP in North America
occurrend in 1990 in the maritime provinces of Canada (77), but was associated with the benthic
dinoflagellate Prorocentrum lima, and two toxins, DTX-1 and okadaic acid. Okadaic acid and related
DTX toxins are also produced by a number of other Prorocentrum species, including P. maculosum,
P. concavum, P. hoffmanianum, but do not appear to be elaborated by P. micans, P. minimum, or P.
mexicanum (78).

The DTXs are inhibitors of ser/thr protein phosphatases. Inhibitory activity against protein
phosphatases is specific for classes PP2A (okadaic acid IC50 ~ 0.5 nM) and PP1 (okadiac acid IC50
~ 50 nM), with PP2B being inhibited only at high concentrations (okadiac acid IC50 > 10mM) and
PP2C being insensitive. The binding site for okadaic acid resides on the catalytic subunit of the
protein phosphatase, at the active site of the ezyme, as determined by x-ray crystal structures (79),
molecular modeling (80) and mutational analyses (81). Binding to this site requires the carboxylic
acid moiety, which accounts for the inactive state of the diol esters and DTX-4.

Ser/thr protein phosphatases are critical components of signaling cascades in eukaryotic cells which
regulate a diverse array of cellular processes involved in metabolism, ion balance,
neurotransmission, and cell cycle regulation (82). Diarrhea associated with DSP is most likely due to
the hyperphosphorylation of proteins, including ion channels, in the intestinal epithelia (83),
resulting in impaired water balance and loss of fluids. In addition, okadaic acid-like polyether toxins
have been identified as tumor promotors (84,85). The toxic potency of okadaic aicid is much lower
than that of the neurotoxin polyethers, with an LD50 of 192 mg/kg (i.p.) in mice (86).



The biosynthesis of the DTX toxins and the mechanisms by which the dinoflagellate protects itself
from its toxins have received much attention. Okadaic acid is localized to the chloroplast (87). Most
of the intracellular toxin in P. lima is present in the form of DTX-4 (88), which has been shown in
metabolic labeling studies to be a biosynthetic precursor to okadaic acid (89). Thus, it is proposed
that okadaic acid is released by P. lima as the inactive pro-toxin, DTX-4, which is reduced
extracellularly to the diol ester in the medium of P. lima. The diol ester may then be cleaved at the
ester linkage to yield the active toxin, okadaic acid. Windust et al (90,91) investigated the
allelopathic activity of okadaic acid against other species of microalgae and found that it could
inhibit growth of diatoms at mM concentrations. However, Sugg and Van Dolah (92) tested the
hypothesis that okadaic acid produced by P. lima confers competitive advantage over co-occurring
benthic dinoflagellates of the ciguatera assemblage, and found that the observed growth inhibition of
other dinoflagellates by P. lima was not attributable to okadaic acid. Dinoflagellates do possess
okadiac acid-sensitive protein phosphatases PP1 and PP2A (92,93,94), whereas the protein
phosphatases in P. lima, appear to be insensitive.
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Figure 9.  Structures of naturally occurring DSP toxins.
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Figure 10.  Distribution of diarrhetic shellfish poisoning.
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